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(57) Abstract 

PROBLEM TO BE SOLVED: To reduce the area of a 
memory cell by forming a capacitor which has a 
perovskite type structure of dielectric film on the 
epitaxial regions made continuously in the direction of 
the line or row of a memory cell array, and making lower 
electrodes double as the plate electrodes of plural 
capacitors. 

SOLUTION: An oxide 21 such as MgO, or the like is 
epitaxially grown on an Si substrate 11, and a kind of 
noble metal of film such as R or the like is 
epitaxially grown as a lower electrode 22. Then, for 
example, a BaTiOs film 23 is epitaxially grown as a 
perovskite t/pe oxide on the lower electrode 22. Hereby, 
a highly reliable memory cell excellent in dielectric 
property of a capacitor and little in dispersion can be 
manufactured. Moreover, the lower electrode 22 can be 
epitaxially grown with good adhesion with the base. 
Then, since this is adopting a structure of forming 
plural capacitors in one epitaxial region, the area of a 
memory cell per bit can be made smalL 
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iaf sa«± tc i e =^ i/ ^ )vmmf3^mmr u ©^f fsi 
?K V ^ it^fiyii^izmmff^ izm^ $ n, 3 (T) x e -v ;i/ 

fl^Sc Ji(c X f dp ^ L TSPm®. X ^? 
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(2) i|#P^5{Zg - 2 8 9 2 9 7 

2 

[0 0 0 3] ^^^m^tix^^^mitiyV^y (s i o 

(S r T i O3 : STO, B S ri.^ T i O 

3 zBSTfjii^) ii^^AiySKDmni^ti^xmrnr^ 

[0 0 0 4] !SilS*Jt5>^A7;71Z>^>t^'J (FRA 

10 M) ^cj3v^T^i, 1 D(^^i^';-fe;uA^2o<7) h^>t/x 

^^:2o<75?^i|li^♦::3r^/^•i>^A>'b«l^$i^Tl.^So M 

^iz^^xm^-t^z:iiiji-^mx&'). m^(DizmM^ 

^ U V ^ T (i Zl CD J: e) J&^fiS; ;5; ^ =fe CZ) i: ^ !t5 S tl T 

i*:W^LTtt, /<ny^:*-f hMiJ-fb^cDP b (Z r 
, Tii.j ) O3 : PZT^i^fi^m^^^nX^^^a 
20 [0 0 0 5] ±ifiL;l<fcd{C. DRAM, FRAM^^ 

ffl V N § i: V ^ e) * T- {i:^^{cm < m~^m^:^ ^ U T- S 
i:v^e)Zli;A'^T'§S„ 

[0 0 0 6] -flgjc, ^u^:^i^^ hmmimcomm^ 
mt. '^^(Dmmmmizmmx^v. e@*vh$vNcsif 

ffS {c {i#^a%{Cj£ V NX tf dp i/ ^ ffl V ^ S 3 i^j'f 

30 mum<D±izaL\^^^i/-Tju^m^itt-m'^izit. #m 

{i^(D^n:f7.ti^ h^-ft!^$:xt°^:^S/^;i/^;S$i±fe 

[0 0 0 7] TSP«^i:ora(7)*&^^|?j[(Z);p 

mS$:^«MWc>>7 h$-a:5Zli:ANpri8T'feU, fl«^ 
< -r s z: iijb'! 3 i: 5:*^^ 

^ejlil-ffibrVN-So UANL'5:*«e), Si^GaAs^ 

40 t^^fdri/-v;ufi&«$-i±sz:i:HSilT'feS. tJ^oT, * 

if, -?-<7)±{CTSP«M, 3e>{Ciimfl£(^IS?:JiilCXf^ 

dp r ;ufi&;g ^ ■& s 3 i: * u V N. 
[0 0 0 8] ^u^-xi3>( V^mit^ti'^rj^^mn.Wo^ 

y^mmPtHLx. -m.\zB±, n^y^j^h., )\,^- 
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^mw&^n^t-Mz\t^^<nmmtr^'imx&^t>K 

50 <7)P^lCiijl«¥Lfe»JSft^bL^:U LTL*e)fe«bT'$>-5. * 
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[0 0 0 9] t.Z6X\ x.i^^^iy^Jl'm.^urz^nzf 
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[0 0 10] ^ny;<.;!j>r vmm.itm^^^w-w&L±.\:i 
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[00 11] hi3^\^tAfi^^Z.(D^. 
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[0 0 16] A^A^S^U- h$:*to^^-^{cfev^ 
^WL^-f^A!i'mti^tt<. ii:ggft^M!Si$:xi^^df^>^;i/^K 
;i o Tgf*® co#«E*? X f dp i/ -V )\,^^(Dm^iZ tji S 

[0 0 17] 

[0 0 18] TSI5il1l7b^h^>i^'X^f^ffi®^^=- 
^r^mmtS i^i:*i:cDSi:S5:RS<'fe*{CT i N^fci:' 

ilSiOz <7)^*'t45:m<-r-2>fc«?)tCg^^«i:LTT i 
^tC J3 V ^ T t*, (D#ffi7b> X t: -V 

[0 0 19] *|§B^l±, JilB^W S:#-i;tT^$ti^=fe 

[0 0 2 0] 

[HH 5 *®^a] 

»<*iS=E±C, N ^ > i>X 3? ^ y\- ^ A^ e> 3 n 
S ^ 'J -tr^bS:, v h U 1? ;;<.t^{ciB?iJ b;^;>i ^ U ■fe;i/T 

jt^Wtc?^^$n. ::(Z)xi^^:^ri/-vMIi|ic±lcxb:°^f 
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'[0 0 2 1] z:3T% ^^moym^L^^mmm^tLx 

(1) xf^^i/^;uffi^;!)«$e^<!f:dNe)?a;U, A^ozrofS 
m±lZl,i. U ^ o ^ ^ U 1r ^ ^n' t»^^ 
^©^^ AS/ ^xj^^sn-g) 3 i:, 

(2) ;>l^U •fe;bTt'^(i, DRAM§gV\iiF RAMfe^ 

(3) ^m{^mm±iZ:sH^^iriy^JV0ftA^i±^^tiy^-^ 
t8^$efifr®Mi:U-C, MgO, ZrOa (SS^bS^^b 

(4) TgPm^M^JfOJMilLT. Pt. Au. Pd. R 
u. Re, I r, Rh fj:i£(Dn±mm. SrRu 03:15: 

(5) ^u^t^hj^ hmmM(Dmm»<Dmii lt, s r t 

i O3 . B a T i O3 , C a T i O3 . P b T i O3 , 

pbzrOg , Rzii.nibo^mm»^m^^^o 

(6) ±sp«^«iisfco^jfcUT. rmmmtmm^j^m^. 

T i Ni^il'^M'fbife. Al, Cu:i&if(7)^M. ^-g)V^tt 
SrRu03 J&ifOffiE-fb^^m^^rMv^^, 

(7) iSieiS<*:(D:ni^^^t/^;i/fI4)cS:?gfig1-S{ctt, 

&L^<Dmm<Dmms^ (siOg ) srx^y^^ytci'jsi 

=Jr i/ ^ ^.l-fi^^it^JilGf S: x i> ^ 

(8) 1 o (D X f i' ^ IcaSStCO =ir ^ /^• ^ $: 

^■r-s(cii, *-rio(z>xt:-3J=^s/^;i/^Sbfe,?e^#: 

(9) BSy-^ofc^^U-fe;i/(©^-y>'N'^'^5: 1 ooxt:^ 

m^o)mmizh^yiy:k'!imm%:m^'f. -eti-fti®^^ 

<, L*^-5^tC, ±ifiL7^::&^T'l-:3C^xt:'^drS>^;u 
xt:-^:^rS/^;i/Ml^tC?gsa$*lAc^lK(Z)=^r^A'i/^ 

iiQ)mmi^<D jLif^^y^ )vm^ ^ =e u t ;i/ v h u 



(4 ) ^#r^¥9 - 2 8 9 2 9 7 

6 

yi/x9^m-<Diii±izm^flLris^. m*)-^oh^y 
t-tTfi<. Lis^hmz, z:(^^--l^(^$r^{c,?ei^<*:<7)xt:' 

[0 0 2 2] Z(DJ:oiZf^mLr~^V<a)J^\dil^ 
i/ r Mm±iz-}ii^ X. rmWimm x t* ^ ;u 

ti. iff :&rsj^ I' ^ \miji^izm^ r~mm ^m^^z-tib^x 
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[0 0 2 3] tr^. (m^ms) a. ^mi^mm 
0^f:&^SIl^^^^i^J:S■[6I{CJt^W{cx^^^drS/^;l/^:^$ 

tl^/N'UT^i:, Z<DJiVTM±lZJL\^^^ty^)Vm^ 
SnfeTa5mMi:> 3(Z)T§l5ttifi±{cxt:-^3p>>^;i/^ 

i^m±izm^^ tif^±mmmt %:M.mLxf£ u , mmr 

[0 0 2 4] Zl^T', 2^5§^©M*UV%||ig®.^i:LT 

(1) Sfch^cpM^v^}inM(D^i^xt!^S*':T^-f(Z>^T:5IBI 

^^^m-:^^izmmmizm-^^t\>. z(Dmmm±izAv 

(2) ^f:&IRIlgv^^i?rJ:5[aI^c«^UT?^^$^vfefi£tS:JSffi 

^Sctc tt, -ero^f ^ ti^JtcM-r S^T (Z) ^ ^ ^5? ti^ 

30 

(3) ^l^EU-fe^l/Tb^tt. DRAM^V^^iF RAMSrSI 

(4) i}£^<|:a«±{CXlf^dpi/^;v^^$-ti:S3i;7!»^Br 
S= 

(5) Tai5«®MJi4<^Mi:LT. Pt, Au, Pd, R 
u. Re, Ir, Rhf3iif(DM^Mm. SrRuOg^i 

40 (6) /^inyx;!j-r hM«lig(DSIS{*(7)M^LT, SrT 
i O3 , BaTiOg, BaSn03, B a Z r O3 , 
BaHfOj, PbTiOj, PbZrOa, RX^Z.n 

(7) ±^mmm<Dmtbx. r^mmtmm^^un. 
mm^mitmum. t iNfj^i^oimit^. ai, cufj: 

(8) ^^7\°2/^fM<Z)xtf^:^S/-v;i/M^!c$:?^^S-rS{C 

50 yi^ 7.^fminm(ofmiz^miii^m^^mm^-^. ^ 
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(zh^yi^7.i(mmj.^<Dimim (siOg) 5:x-v^ 

(9) 1 iXDJUf it iriy^ Ji^mmzmWoi^^ ^-^iy ^ 

U TM±{c, X ^ ^ -v ;i/m:Stc J: U TSI5m^i^i:t>' 
tC±gl5m^g5:Jg^Ufc«&, z:®±S|J«ffi$:x>vf^><y7S; 

(10) S£tfcjlfHi!c ?: ^ ^ U -fe ;i/ V h u ^ (7)^f :^r^^ ^ \i 
mi: (C^MfiU J^fi^-r S tc ti, ^ * H - <7)^TS? V N H 

[0 0 2 5] tr-. z<D^tiZ'f^^Lr=.^'^(Dimmm 
^;u^:S$-ttix«, n:s\^^\>^\tmij\^izmmhxm^ 

Ml" -5 ^ ^ U -fe ;KZ) ^ A- i/ ^ II — (D X tf ^ dp -v ;i/ 

TM) izmn^ZtlZJ:^X. ;)i^U-fe;i/$:f^§5J1-S± 

fH ^ 05 ^ ^ i/ ^fic -en {c*f fE t" -5 X fc? ^ dp 2/ ^ ;i, 
xf^rdpi/^^i/fl^ici: h^>i/-x^f 
fI^(Dr^, lgVNli|?|*J-^e)Xtf^r;^PS/^ ;i/Mi^<7)P5 5: « 

T, l^-xtr^f :3|rS/^;i/fI^_h{C^^S[<7)dp^A'i/:5f 
§31-S®^lCtt, io®xi^^dr^>r;i/MJgcOT|-a*^;^ 
^<j&Sfe«?)(C, xfc^4t^i/^;i/1iIigt5:f^i5[-rsfe4b{C 

[0 0 2 6] Sfc, _hKELfeJ:e)^#®S:flH'^T, IrI- 
<Z)tflg<'''lira— ®?'J±{CS>5:jC^»J-fe;Udp-v/N°f>'^ & 1 

o<Dxfcf^fdpi/-v;u^Ji!c±{C'f^i3u, ^(Dy^mmzm 
2T'ttT§i5mst$e^^©r^cDg5af)f 5:isws4^^ii*^4^ 

dp 2/ ^ ;i/fSJgc(Z)±{cT3PmM S: iicg^x e ^jf dp i/ v 
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[0 0 2 7] ^"btca^^a-sT'ii, T^mMtrnw. 

M$::r^UTP t ;5:i:'©TSlS«1S$:a^xe^rdp.>^;bfig 

[0 0 2 8] 3^T% a«±{CP t 
i:> P t ji'tS^S i tSfSUTUSv^P t(7)2/U-t>--r K 
10 ^bA'^^liS, T i A 1 NttaSiitiSfS-yr-fTb^oa^lc 

(Z)T'fe-5o UA-'U, T i A 1 Nffl±(CP t $:Xt:°:5?:^i' 

[0 0 2 9] $7^:, m—<Dn±^^^itm—<Dm±izmm 

6lJ^xtf^dpi/^;i,f5^$:|gltS3fclCj;oT, 3(DJ; 
(Dx f ^ dp i/ ^ L feTSPm^i z: i: ^ < 

20 mmmzj^0!(.-t^z.tti<-^mtr£^). wmnLxoimm 

[0 0 3 0] 3®J;e)J5;xti'^tdp^>v;i/^sUfeiBIS 

it. T if£if(DmMMi:WL»^iii^mtim^^r^i!biz. 

'tt, ifSE-fttttcMnxfeU, z.(D±iz^a^X:b-( hm. 

mitm^m^hx^T^mmm^itmt Lxm-r^ 

;i>iH*':^ V ^, m^m^lZ X e ^ dp 2/ Y L T^i^S^Jc ^ 

dp ^ /I i/ ^ {c^«-r -5 «) {Ci£j>M?fcji@^ra < -r s 

U ^ h □ v-f i'' 1/ - i/ 3 > {c*ft Tb'^iSiJi SBia 
[0 0 3 1] 

[^^(DusgcDj^ffi] HIT. ^^^oy^m^m^-(Dmm 
mmiz^c>xmm-r^o 

\zmt>^ F RAM®S*^^RS:Si^-r5feSb®%;©T% 
ig Ui h 5 > X gPr^- S: ^ t-¥ffiig, 0 2 li dp ^ 

m^mmx&^j. iai>a.t>'i2i2(7)^mx-x' »T®tc 

[0 0 3 2] *-r. Si (10 0) (Z)#^B^A>e)>5:5a 
Sii±(c, MOS h^iyi^:^i(^m^'r^, MOSh 
^yp7.int. s i»«i i±tcy-;?. • \^iy>(y^m 

1 2t5^^^;i/ffiiDel 3?:|gltT, 5^ ^ ^ ;UfIiDc 1 3 <7) 

-htcti^tx^ie-fb^ (y-hSe-fblS) ^in-LX¥-hm 

m 1 4 $:|gt-t-5, la 1 IZBLtzmX'it. U- K^WL;!)< 

50 >i?;?.^fp^{cti. m^^s icDmitmi 5^m»xm^&^ 
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•V /N* i/ ^ 5:f^sg-r s;5:to(Z)xi^ifdfi/^ Mm ^r-f^is-r 

SffiLfcS iS^Sl lie. MgO^-ilOSE-fbi^a 1 
X A- <y ^fij > i^CDl^miZ J: tj x f ^ S/ ^ ;Ufig 

[0 0 3 4] Cl<D<J:e)^xtr^f^i/-v;i/^^tt, ||5'J^ 

^e>{C, Z10xt:'^r^S/-v;i/fI^$:y:&|nI{C||§U 

[0 0 3 5] ;i<^xtf^rdpt/^;i/^I^±{C, m^ltP t 

J:»J, 1 o©xfcfirdri/^;i/fI^J:tCx:&t^lC|iStJ-&o 

[0 0 3 6] — y^^iPifcgguTii, ^fiUtcj^^u 
X e ^ ^ )vm^±K.r^nm 2 2 -5 3 1 

[0 0 3 7] se)(c, TSP«^2 2±{c^a::/;?.;«7>r h 
3 S:xtf^^i/^;i/fK;R$-e:S„ Z(Ot^. TSP«M2 

2 i:si«{*:iK2 3 to^^i-^m<^m^mmLx. =^nU 

[0 0 3 8] ifJclC, mm^m2 3(D±l,Z, Pt^kf-/)-^^ 
^•5±gPS^i2 4 Sr-f^^SSU, x>y^>ytCj:»JiDXl- 
■5, $e){c02{C;^-rj:e){c, h^^s^'x^jriiv-;?. • 
KU-r>fIigc^^^^N'i'^0±SP«fi2 4 ^m^wtcg^ 

m-t^t:Lib\zAif£i^izj:^mSi2 ^^m-fi>, Z.(Dm 

BHM(e«yh^BL) 2 6i:mf&t^Z.ti}mtL^\ 
j5;^, 27ttiBIS24, 2 SiiV-::^ • KU^>fIi|!cl 

[0 0 3 9] ia4tt, ±xEUfciSig:S-^{Cj:»Jf^igtfe 

h U ^7 ;?.^^{C@S?iJ $ nfc ^ ^ U -fe ;i/(Z> e) -b, n fr m^J S 
(MCn.m ) i: n^Tm+ 1 ^JSCO;t ^ 'J -fe 
;b (MCn.m+l ) {CK-t-S^MlU^T'^So 

[0 04 0] |2r4{Cfel^T(i, -'.^Mmx^Lt:Lmm<D 

tcjsv^Tti, 1 •D<D:^=^V-^Jii!j^2-o(Dh^yi^:^S t 
2'D(D^^J-<i/^iZ^*)m^^nX^^^. |SI-G)^^U 
•fe;i/W(D2o<7)h5>i?;i.^O>!f- hSiflS:, y:S'lBl{C 
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nfet'>yh«S*f (B L n^5:t>-B Ln) izm^^^. V- 

ii<D±$i!>m&izmm^^, ^^^/-^iy^oyr^mmit. y 
:^mzm^n^nr^Pi'M(D-fiy-hm (PLm) izmw^t 

[0 0 4 1] siTb^eaigs *T'(7)ji^ 'j-fe;bcD^^i:, 
m4:<D^mm^^tt^t^t»^^oiz. m^oymmz 

^ L fefl^lScO P^SW', m 1 e> la 3 * T' {C^ L y^cx e 

tc, 1 ocoxfc:^drS/.v;i/M^jc«, iSU-a-o^^EU-fe 

;i/MCn,ni ^SLt)fMCn,m+l COSI^CO^-V/N'S/^l A'^^IJS 
>5r (75 dp A- ^> U 7t x fcf ^ dp ^ ;i/M^Cf^iSJ-r 

[0 0 4 2] EI5{±. 04 {C;gtLfe>l^';-fe;i/S:^T:&[^ 
tC4o, ?tJ;^l&IlC4o, VhU i7X^^{CiH^JU:t^ffiIlI 

20 (BLn, /BLn) {C^Mb, >v hi^^ftt^ 

ti^n*fi:S:-r.5lr>:7.T>y (SA) (cg^M-T-S, * 
fc, ll-(7)3?'J{CfeS^^U-fe;i/$:, |Bl-<Z)f7-F^ (W 
Lm) AZJ^m-OiZfly-hm (PLm) {Cg^-^-fS, U 

[0 04 3] aSi:. ia4 $:itl5«t-.5i:ii--5J:e){C, ^ 

V^So Wt>. II— O^J{CS>-5>l^U-tr;i/0D^^A°i/iJt 
±TP-©XI^^:Jri/^;bfI«c®WaP{CJ^^K$nT 
30 V>S, Se-oT, ^P-rA°i/^(7)TS[$SSS:*feSyL'- h 
iiS (PL) {COVNT*, ^l/- NMK^-f A'lCg^M-r-5 
S% !^<7)S|J:J^ S: V X T l«- X If ^ ^ S/ ^ ;i/Mi^f^(^ * JC 

it. X t' ^ i/ ^ ;v,f6^#:® ±ic x t° ^ ^ i/ ^ h 

So 

[0 044] 3® J: e) {C:*:|ISgM{C<i:tlli, ^^A'i/ 
40 ^(Dmni^tLXB aT iOs ^(D^LifSi^i/^JV^^ 

m^mmir&z.nz^^). a- ^ tc-g 

•ftt»$:xe^f:^ri/^;i/fi£:R$-a:, ^©±tCP t ^ii'(7)T 
<xt:'^ :3ri/-v;i/J5&;RT-S-5, -eUT, 1 o(Z)xt:"^r3p 

50 fe, Ta5«SfcSeiS5:«E^afc#m<40iS5:l^-G)xi^if 
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